There is a growing interest in the preparation of nanoand micro-sized magnetic materials for use in various fields, including catalysis, gas sensors, lithium ion battery, pigment, biomedicine and magnetic separation. [1] [2] [3] [4] [5] [6] [7] [8] [9] More specifically, magnetite (Fe 3 O 4 particles are one of the most prevalent magnetic materials in common use. Different methods have been proposed for the preparation of magnetic materials, including sol-gel techniques, microwave plasma synthesis and hydrothermal methods. [10] [11] [12] [13] [14] Among these methods, hydrothermal process has the advantages of mild synthetic condition, simple manipulation and large scale-up production. Up to now, certain studies have been done to fabricate magnetic materials with various morphologies, such as nanoparticles, nanorods, cube-like and wire-like nanostructures, under hydrothermal condition, because their physicalchemical and magnetic properties are size-and shapedependent. [15] [16] [17] [18] However, little work has been done on the hydrothermal synthesis of micrometer-scale magnetic materials. So far, micrometric peanut-like Fe 3 O 4 was synthesized by hydrothermal process using ferrous carbonate as the precursor. 19 A simple hydrothermal procedure to produce submicron-sized cube-like agglomerates composed of 10-20 nm well-crystallized particles of -Fe 2 O 3 * Author to whom correspondence should be addressed. was reported.
20
-Fe 2 O 3 with a micro-snowflake-like morphology were obtained through a hydrothermal reaction in a K 3 [Fe(CN) 6 ] solution. 21 Those resulting micrometric structures were micrometer-scale agglomerates composed of primary nanoparticles. Thus, successful synthetic strategies are still a challenge for synthesis of single crystalline magnetite microstructure.
Co-precipitation of Fe 2+ /Fe 3+ ions under alkaline conditions has been the method of choice for the synthesis of iron oxide nonaparticles applied in various fields. To the best of our knowledge. This synthetic method often produces particles averaging less than 10 nm in diameter with broad size distribution. Iron oxide structures synthesized by hydrothermal process under alkaline conditions are often composed of primary nanoparticles which were formed by the co-precipitation of Fe 2+ /Fe 3+ ions during the initial stage of hydrothermal process. For example, Ma et al. reported the synthesis of -Fe 2 O 3 nanoparticles-aggregated microcubes by hydrothermal procedure at 180 C using FeCl 3 and ammonia as reactants. 22 Liang et al. demonstrated the synthesis of Fe 3 O 4 octahedra by hydrothermal procedure in high alkaline solution. 23 It was difficult to obtain single crystalline iron oxide microcrystals by hydrothermal method with adding alkaline chemicals such as urea, ammonia and NaOH, which has not only increased the complexity of O were first dissolved in 100 mL distilled water under inert conditions. The solution was transferred into a 50 mL Teflonlined stainless steel autoclave. Then, 1 mL H 2 O 2 (30%) was added to the solution. Subsequently, the autoclave was kept at 140 C for 12 h before being cooled in air naturally. Finally, the products were dried at 80 C under a vacuum oven for 4 h. The morphologies and microstructures of the samples were determined by HITACHI S-3000N Scanning Electron Microscope (SEM). Crystallographic phase of the prepared samples were determined by X-ray diffraction (XRD) at room temperature with Bruker AXS X-ray diffractometer using graphite monochromatic copper radiation (Cu-Ka) at 40 was assigned to the O-H stretching vibration of absorbed water. The bonding in the region of 1670-1600 cm −1 was also related to O-H bonding bending vibration modes.
A series of contrastive experiments, which were list in Table I , were conducted to examine the influence of the precursor and the precipitant on the morphology of the final product. , was employed as precursor, only irregular Fe 2 O 3 particles of diameter from 300 nm to 2 m were obtained in hydrothermal process ( Fig. 3(a) ). It can be clearly seen that the surfaces of the particles were irregular and the large agglomerates were composed of particles of diameter from 300 nm to 500 nm. Figure 3(b) shows the typical SEM image of was applied, as seen in Figure 3( A series of contrastive experiments were conducted to confirm the influence of the precursor and the precipitant on the morphology of the final product. These results suggest that it is possible to control the shape of iron oxides crystallites by controlling the reaction parameters, such as the precursor and precipitant. However, our present understanding of the formation mechanism of the single-crystalline cubelike Fe 3 O 4 is still limited, and more in-depth studies are still under investigation. Recently, magnetic nanoparticles are finding various application in medical and many other scopes, we believe our investigation may be helpful to make use of magnetic particles more widely.
